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Disclaimer 

The CEC and its contractor, Southern California Gas Company and subcontractor E3M Inc. has 

made reasonable efforts to ensure all information is correct.  However, neither The CEC’s, 

Southern California Gas Company’s or E3M Inc.’s publication nor verbal representations thereof 

constitutes any statement, recommendation, endorsement, approval or guaranty (either express or 

implied) of any product or service.  Moreover, The CEC, Southern California Gas Company, or 

E3M Inc. shall not be responsible for errors or omissions in this publication, for claims or 

damages relating to the use thereof, even if it has been advised of the possibility of such 

damages.   

Executive Summary 

This calculator tool can be used to estimate annual energy savings and the associated cost (US 

dollars) savings and subsequent reductions in CO2 emissions through use of a feed water 

economizer that allows recovery of heat from boiler flue gases.  Recovery of heat from boiler 

flue gases can substantially reduce the energy consumption for the boiler.  

In a typical system, as shown in Exhibit 1, a gas to liquid heat exchanger is used to transfer heat 

from the flue gases to the feed water.  The flue gas comes into contact with the outer heat 

transfer surface (usually a bank of finned tubes) and transfers heat to water flowing inside the 

tubes which results in a rise in water temperature.  Using higher temperature water reduces the 

heat requirement in the boiler and results in an overall efficiency increase. Actual savings depend 

on several factors such as the increase in water temperature, current efficiency of the boiler, 

steam pressure and steam temperature at the outlet of the boiler.  For most small to medium size 

boilers, the energy savings can be in the range of 3% to 10% of the current energy use.   

 

 

Exhibit 1: Typical boiler flue gas heat recovery system 

This calculator estimates the annual energy savings in terms of millions of British Thermal Units 

(MMBtu/year).  It also estimates the energy cost reduction using the given cost of fuel and the 

number of operating hours per year.   

The amount of CO2 emissions reduced is also estimated using natural gas as the sole fuel source. 

The primary objective of this calculator is to identify energy savings potential in industrial 

heating operations to make a go / no go decision on further detailed engineering and economics 
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analysis.  The user is required to give data for several operating parameters that can be measured 

or estimated from normal operating conditions using available records.  All data should be 

collected at typical or average unit operating conditions.    

Calculator results should be considered preliminary estimates of energy savings potential and a 

starting point for more detailed technical and economic analysis. The accuracy of the calculator’s 

results is expected to be within ±5 percent  

Note to the user of this calculator Tool 

Use of this tool requires knowledge and operation of boilers.  The user is referred to several 

training programs and references quoted at the end of his document for further information on 

the available resources for getting trainings that would provide additional knowledge for the 

subject matters discussed in this  document.  
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1. Description of the subject area  

This technical guide describes a calculator tool that will allow a user estimate annual energy 

(fuel) savings, reductions in CO2 emissions, and energy cost savings ($/year) with the use of an 

economizer to preheat boiler feed water. This efficiency measure can offer substantial savings in 

energy use for the boiler resulting in reduction in boiler operating cost.  

Steam generation in a boiler requires feed water that is often a mixture of returned condensate 

and treated make up water.  The amount of makeup water that enters the steam system depends 

on how much condensate is returned to the boiler.  In spite of all economically justifiable efforts 

to return as much condensate back to the boiler as possible, an amount of makeup water is 

always required for the boiler.  Using cold makeup water and accounting for heat losses from 

condensate return system results in feed water temperature that is lower than the boiling point of 

water at the boiler operating pressure.  In many cases, the feed water is heated in a deaerator but 

its temperature can be substantially lower than boiling temperature of feed water at the boiler 

pressure.   

Using an economizer can increase feed water temperature and reduce the amount of heat 

required in a boiler. The amount of heat that can be transferred and the upper limit of feed water 

temperature depends primarily on boiler (steam) pressure and temperature of flue gases 

discharged from the boiler.  Transferring heat from the flue gases to the feed water will lower 

flue gas temperature.  If the flue gas temperature drops too low, then it is possible that water 

vapor in the flue gases can condense on colder areas or spots for the economizer. Condensation 

of flue gas water vapor typically results in the corrosion of the metal used in the economizer.  

For natural gas fired boilers the lowest recommended flue gas temperature coming out of an 

economizer is about 200 °F. It is possible to recover additional heat from flue gases by 

condensing water vapor content of flue gases.  However, this requires use of specially designed 

heat exchanger and requires that water be used for areas other than steam production.  In many 

small boilers, it is difficult to justify use of condensing heat exchanger unless there are special 

considerations.    

As shown in Exhibit 2 an economizer is installed on a flue gas stack or at an appropriate location 

attached to the boiler so that flue gases pass through the economizer.  In most commonly used 

designs the economizer is constructed by using finned tubes of carbon steel or higher grade steel.  

Presence of fins on the outside of the tubes increases the heat transfer rate from the flue gases to 

the water.  The tube selection and configuration depends on the boiler pressure, available space 

and other local considerations. In most cases, a flue gas by-pass is used.  

The calculator is used to estimate annual expected energy savings in terms of millions of British 

thermal units (MMBtu/year).  It also estimates the energy savings by using the given cost of fuel 

and the number of operating hours per year. Additionally, this calculator gives the reduction in 

CO2 emissions that result from application of the suggested energy saving measure.      

A brief summary of the important parameters is as follows:   

Current boiler energy use:  This is the average amount of energy used at typical boiler 

operating conditions selected.  

Boiler operating hours (hours/year) – This is the total number of hours for which the boiler is 

operated  based on a recent 12-month period. 
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Exhibit 2: Components of a boiler economizer installation (Courtesy Spirax Sarco) 

Boiler operating conditions – This includes boiler (steam) pressure in psig, flue gas and 

combustion air temperatures in °F, oxygen percentage (on dry basis) in flue gases, and boiler 

efficiency in percentage.  This information can be obtained from the records and flue gas 

analysis conducted at typical or average boiler operating condition. .  

Feed water information – This includes information amount the feed water  temperature (°F) 

and flow rate (gallons per minute – gpm or lbs/hour) as it enters the boiler at current and average 

or typical operating condition selected.   

Economizer or heat exchanger information – Economizer or heat exchanger effectiveness 

expressed as percentage.  This information should be obtained from the supplier.  For initial 

trials, one can use any value between 50% and 70%.  The value may have to be changed after 

reviewing the results.  This includes feed water temperature (°F) and flow rate (gallons per 

minute – gpm or lbs/hour) as it enters the boiler at current and average or typical operating 

condition selected.   

Cost of fuel - The average fuel cost ($/MMBtu) based on the history and, if possible, future 

projected cost based on contacts with the energy supplier.  

 

2. Impact of using a feed water economizer on energy savings and CO2 
emissions 

This calculator allows a user to estimate energy (fuel) savings that can be achieved by using an 

economizer to recover heat from flue gases to preheat boiler feed water.  This fuel saving has a 

corresponding reduction in CO2 emissions.  All commonly used fossil fuels such as natural gas 

result in the formation of CO2.  The reduction in CO2 emissions is directly proportional to the 

amount of natural gas usage reduced.    

The energy savings can vary from 3% for boilers with low temperature flue gas to 10% where 

boiler flue gas temperature is high enough to recover larger percentage of heat.  Annual energy 

cost savings depend on the cost of energy, expressed as US dollars per MM Btu. The exact value 

of savings can be estimated by using this calculator.  
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The CO2 savings are directly related to energy savings.  According to U.S. Environmental 

Protection Agency (EPA) estimates (Reference 5), the combustion of natural gas used in USA 

produces 116.39 lbs of CO2 per MM Btu heat input.  For convenience, most calculations use 117 

lbs CO2 emission per MM Btu heat input from natural gas.  If the natural gas composition is 

available, it is advisable to carry out detailed combustion calculations to estimate value that is 

more accurate for the CO2 produced by the combustion of natural gas.  Reduction in CO2 

emissions is calculated by using the value of reduction in energy (fuel) used for the furnace.  

3. Discussion on the technical approach and the calculations 

Heat recovery from boiler flue gases will result in energy savings by increasing the feed water 

temperature and reducing in heat required in a boiler.  The main incentive for this measure is to 

reduce energy use and correspondingly reduce emission of Green House Gases (GHGs) such as 

CO2 and NOx.  

There are several methods available to recover heat from boiler flue gases.  They include feed 

water heating and combustion air preheating.  For steam systems, feed water heating offers more 

energy savings per unit of heat recovered than combustion air.  The exact savings amount is 

dependent on the flue gas temperature and degree of heat recovered by the economizer used to 

preheat feed water.  Preheating of feed water by using heat from flue gases reduces flue gas heat 

loss and increases boiler efficiency.  

Heat recovered by feed water preheating depends on the feed water flow rate, usually expressed 

in terms of gallons per minute or lbs. per hour and temperature rise in the economizer.  

 

Where 

 = heat recovered in feed water from flue gases (Btu/hour) 

 = mass flow of feed water (lbs./hour)  

  = feed water temperature at the outlet of the economizer (
0
F) 

  = feed water temperature entering the boiler without use of economizer (
0
F) 

The value of  depends on the heat economizer (heat exchanger) effectiveness ( ). 

The heat exchanger effectiveness value depends on the heat exchanger design and size, and it has 

to be obtained from the economizer supplier.  For the purposes of estimating energy savings, a 

value of 50% to 70% is appropriate evaluate range of savings. 

Total heat transferred to feed water can be calculated by using value of  and total heat that 

can be recovered from flue gases.   

Total amount of recoverable heat can be calculated by using values of standard volume (or mass) 

flow rate  that depends on the boiler firing rate, excess air used for combustion based on flue gas 

oxygen reading, flue gas temperature and specific heat of flue gases.  In this calculator, the 

calculations are done by using volumetric flow rate (standard cubic feet per hour) and following 

values for the parameters are required. 

Average heating value ( ) of natural gas = 1,030 Btu/(SCF) 
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Stoichometric air/fuel ratio for the combustion of natural gas = 10 scf per scf of natural 

gas. 

Specific heat of flue gases ( )  = 0.021 Btu/(scf of flue gas)  

Total volume flow rate for flue gases ( ) depends on the boiler firing rate ( ) and the 

amount of excess air used for combustion. 

Value of excess air can be obtained by measuring oxygen (O2) content (on a dry basis) in flue 

gases.  For natural gas and most commonly used fuels, relationship between O2 in flue gases and 

excess air is well established and it is given in the following Exhibit 3. 

 

 

Exhibit 3: Relationship between % oxygen and excess air in flue gasses 

 

 

Where  

 = Total heat input to boiler in MMBtu/hour 

= heating value (higher) of fuel (natural gas) in Btu/[std. cu.ft. (scf)] 

Xsair = Excess air calculated based on O2 in flue gases in percentage (%). 

The maximum amount of transferable heat is the minimum of the following two quantities. 

Maximum possible heat transfer from gases to water is equal to the total heat content of flue 

gases at temperature  (°F) is calculated as  
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Where  

 = Flue gas temperature from boiler to economizer 

 = Water temperature entering the economizer 

 – Specific heat of water (Btu/lb-F) and its value is 1.0  

 =   

  - = heat transferred to fed water (Btu/hr) 

  = hot feed water temperature  

 = cold flue gas temperature discharged from the economizer 

 

 

Note that the hot feed water temperature must be lower than the boiling point of water at boiler 

steam pressure and the cold flue gas temperature leaving the economizer must be lower than the 

condensation temperature of flue gases (estimated conservatively at 200 °F). 

 

= Boiler efficiency expresses as ratio of heat content of steam generated per hour 

and heat input to the boiler. This value can be in the range of 65% to 85%. 

Annual savings (MMBtu/year) are calculated by using value of savings per hour, annual 

operating hours and converting Btu to MMBtu.   

Cost savings are calculated by multiplying annual savings and cost of fuel expressed as $/ 

MMBtu. 

CO2 savings are based on 117 lb. of CO2 generation per MMBtu firing rate or energy use 

assuming that the fuel is natural gas. 

4. Instruction on use of the calculator 

The following list summarizes the user inputs that are required.  The user should collect this 

information before using this calculator tool:  

 

 Company name, plant location and address 

 Customer name and contact information  
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 Heating equipment description (where the energy-saving measure is applied)  

 Equipment type (furnace, oven, kiln, heater, boiler) 

 Equipment use (e.g., textile drying, aluminum melting, food processing)  

Note that some of this information may be optional for the web-based calculators due to users’ 

concerns about privacy.  

The following input data is required from the user: 

 

 Current boiler energy use – average value (MMBtu/hour)  

 Boiler operating hours per year (hours/year) 

 Flue gas temperature (hot side inlet) to the economizer (heat exchanger) (°F) 

 Oxygen in flue flue gas (% dry basis).  

 Water (cold side) flow rate – to economizer (lbs/hour)  

 Water pressure (psig) 

 Water (cold-side) inlet temperature (°F) – to economizer 

 Boiler efficiency (%).   

 Heat exchanger effectiveness (%). 

 Energy (natural gas) cost ($/MMBtu) 

 

The calculator gives following results: 

 Flue gas (hot side) outlet temperature from economizer (°F) 

 Water (cold side) outlet temperature from economizer (°F) 

 Energy savings (%) 

 Annual Energy savings (MMBtu/year) 

 Annual energy or fuel cost savings ($/year) 

 CO2 savings (Tons/year)  

This calculator requires the following input parameters describing the heating process in order to 

estimate the savings.  Exhibit 4 shows the user information screen and Exhibit 5 shows the 

calculator screen.    

The first section requires information about the user, equipment, and process.  

Line 1 – Name of the company 

Line 2 – Name or known designation such as “main plant” or “secondary plant” if 

applicable 
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Exhibit 4: Required information for the calculator user 

Line 3 – Plant address 

Line 4 – Contact name for the plant – This individual is main contact and is responsible 

for collecting and providing the required information.    

Line 5 – Address for the contact person 

Line 6 – Contact phone number and e-mail to be used for all future communications 

Line 7 – Date when the calculations are carried out 

Line 8 – Type of heating equipment – This can be an oven, furnace, boiler, heater, etc.  

This is the heating equipment where data is collected and the given energy 

saving measure is to be applied. 

Line 9 – Process or function for which the heating equipment is used – This can be name 

of the process such as drying, melting, water heating, etc.  

Line 10 – Any additional information that can be useful in application of the results 

The second section of the calculator is used for collecting the necessary data and reporting the 

estimated savings.  

Exhibit 5 shows the required data for the calculator. The calculator cells are color coded.  The 

white color cells are used for data input by the user while the colored (yellow and light blue or 

green) cells are protected and give results of the calculations. The user is not allowed change 

numbers shown in the colored cells.  

Line 11 – Current boiler energy use (MMBtu/hour) – Give value of average energy use or 

energy use at a specific operating condition for the boiler. In many cases, this 

represents average value for energy use.   

Line 12 – Boiler operating hours per year (hours/year) – Give number of operating hours 

per year for the boiler.   

Line 13 – Flue gas temperature (hot side inlet) to the economizer (heat exchanger) (°F) – 

This is a measured value and can be obtained by flue gas analysis or in some 

cases it may be available from the boiler control room instruments.     
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Exhibit 5: Example of calculator inputs and results 

 

 

Line 14 – Oxygen in flue flue gas (% dry basis) – This is a measured value and can be 

obtained by flue gas analysis.  Note that this is a value based on dry flue gas 

analysis.  and most modern analyzers will give this value.     

Line 15 – Excess air (%) – This is a calculated value based on use of natural gas as fuel.      

Line 16 – Feed water (cold side) flow rate (lbs/hour) – Give value of water flow to the 

economizer.  This is a measured value or its approximate value can be obtained 

if the steam generation rate plus blowdown rates is known, and if all feed water 

going to the boiler is passed through the economizer.    

Line 17 – Feed water (cold side) flow rate (gpm) – Calculated value based on the mass 

flow rate input on line 16.  

Line 18 – Water pressure (psig) – Give value of feed water pressure as it enters the 

economizer or boiler.  In cases where it is not available directly it may be 

possible to use steam pressure as an approximate value.    

Line 19 - Water (cold-side) inlet temperature (°F) – Give the temperature of feed water 

entering the economizer. This value can be measured or may be available on a 

temperature gage on the pipe or in the boiler control room.   
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Line 20 – Displaced hot water (deaerator) heater efficiency (%) – This should be obtained 

from an deaerator supplier.  If it is not possible to get this value then you may 

use nominal value between 80% and 100% for commonly used deaerators.  

Note that this would be an approximate value and should not be considered as 

final and very accurate.   

Line 21 – Heat exchanger effectiveness (%) – This should be obtained from an 

economizer supplier.  If it is not possible to get this value then you may use 

nominal value between 50% and 60% for commonly used economizers.  Note 

that this would be an approximate value and should not be considered as final 

and very accurate.   

Line 22 – Heat transferred to cold feed water (Btu/hr). This is a calculated value and it 

represents heat added to feed water as it passes through the economizer. See 

section 3 of this Technical guide for calculation method used.   

Line 23 – Flue gas (hot side) outlet temperature (°F) – This is calculated value and 

represents flue gas outlet temperature from the economizer.  

Line 24 – Water (cold side) outlet temperature (°F) – This is calculated value and 

represents temperature of heated feed water at the outlet of the economizer.  

Line 25 - Energy savings (%) – This is calculated value based on heat transferred from 

the boiler flue gases to feed water, boiler efficiency (total energy saved) and 

current energy use.  It is ratio of total energy saved after allowing for boiler 

efficiency and current energy use for the boiler.   

Line 26 – Annual Energy savings (MMBtu/year) – This is calculated value based on data 

given in Lines 11, 12 and 24 above. 

Line 27 – Energy (natural gas) cost ($/ MMBtu) – The user gives cost of fuel expressed 

in terms of $/MM Btu.  The cost should include all charges related to use of fuel 

at “the burner tip”.  This value can be obtained directly from monthly or annual 

gas bills.  It is often stated as a line item on the bill.  If the bill does not 

specifically mention the gas cost then it is necessary to calculate average cost of 

fuel by using values of total fuel cost and annual fuel used.   

 

If necessary, contact the fuel (natural gas) supplier or distributor for more 

information.  

Line 28 – Annual energy or fuel cost savings ($/year) – This is calculated value based on 

data given in Lines 25 and 26 above.   

Line 29 - Reduction in CO2 emissions (tons/year) – These savings are calculated based on 

annual fuel savings, assuming the fuel used is natural gas. The savings are in 

Short (US) tons, not in Metric tons. 

Note that the CO2 savings are based on natural gas as the fuel for the heating equipment.  A 
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correction factor must be applied if any other fuel is used.  
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     Appendix 1 

Steam Tables 

 

 

The following link will allow the user to calculate steam 
properties  

 

If necessary please copy and paste this link to your Internet browser 

 

http://www.spiraxsarco.com/us/resources/steam-
tables.asp 

 

http://www.spiraxsarco.com/us/resources/steam-tables.asp
http://www.spiraxsarco.com/us/resources/steam-tables.asp
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